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The angiotensin AT2 receptor modulates T-type calcium current in 
non-ciifferentiated N@ 108-l 5 cells 
Rcscivcd IS July 1992 
WC report hcrc tlru~ angiotcndn II (All) und the AT, rcccplor~sclcclivc ligund. CGP 421 II. moduhlc the T=lypc calcium current in non= 
diffcrcmhfcd NGlOt*I 5 cells. which express only AT: rcccptors. Both pcplidor dccrcasc the II=lypc calcium current LLI mcmbmoc ptcntialr above 
-40 mV imd shill ~hc current-voltage curve UI lower potcntiuls with murimal C~TCCI bciwccn 5 und 10 min aficr appliclllion. Thcsc drtrr dcrsribc 
Y new ccllulur response to At1 uud ruyllcst that IIIC AT: rcccplor mcdiercu ccrloin ncurophysialagical uctionr or this hormone. 
Angiotcndn: Anyiatcnrin receptor: Culcium current: CGP 421 I?; Ncuronol cell; NG108.15 
1. INTRODUCTION 
Since 1989, use of pcptidic and non-pcptidic unclogs 
have clearly idcntificd two classes of ungiotcnsin II 
(AII) rcccptorr. which have been dcsignirtcd AT, and 
AT: [l-d], The ATI receptor subtype is located in bruin 
arcus [S-lo] and pcriphcral tissues [l-3] closely associ- 
ated with the regulation of vascular tone and cxtrxcllu- 
lur fluid volume. In thcsc tissues, Aff is implicatcc! in the 
rcgulstion of intracellular calcium concentration. ucting 
both on calcium influx (via specific volt;lgc=dcpsndcnt 
channels) and on calcium rclcusc from intruccllular 
stores [1 l-131. The distribution of AT: binding sites in 
brain suggests rather P role in sensory and motor con- 
trol [7-l 01. Moreover, the abundance of AT: subtype in 
many fctul tissues (brain, skin. muscle) suggests ;L role 
for ATI during development [14.15], Possible new roles 
for AI1 in the central nervous system have begun to 
cmcrgc [16,17]. The AT, rcccptor has been recently 
cloned [l&19] and displuys all of the well-known char- 
acteristics of a G-protein-linked receptor [20], In con- 
trast, no signal transduction mechanism has been 
slctrrly established for the AT2 receptor subtype to date, 
but it dots not interact with Gqxotcins in pcriphcral 
tissues [15,20-231. It has been suggested that AI1 dc- 
creases the intracellular cGMP level through the AT? 
receptor in neurons [24]. In rnt adrenal glomcrulosa nd 
PCl2W cells, ATI receptors inhibit basal and atria1 
natriurctic pcptidc (ANPI-stimulated purticulatc 
yuunylntc cyclnsc activity, and the involvcmcnt of n 
phosphotyrosinc phosphntasc (PTPasc) in this mccha- 
nism has bten proposed [ZS]. In brain. potential intcrec- 
tion bctwccn G-proteins and a subclass of AT, receptors 
has been rcscntly dcscribcd [26]. suggcating hctcrogcnc- 
ity in the AT, receptor subtype, Muny brain areas prcs- 
cnt high dcnsitics of cithcr one or both types of AI1 
receptors [6-lo]. As mammalian eurons display many 
different ypes of ionic currents [27]. it was of particular 
interest o look for interactions bctwccn AT, rcseptors 
and mcmbrirne conductunccs. Of particular virluc for 
this type of investigation is a ncuronal ccll=linc xprcss- 
ing cxclusivcly the AT? receptor, 
2. MATERIAL!S AND METHODS 
NGIOS-I5 cells (ptis~gc 4 lo II) wcrc cuhurcd in Dulbccco’s mod- 
ified Eagle’s medium (G&co DRL, Burlington. Canadu), with HAT 
supplcmcm (Gibco BRL. Burlinglon. Canudr). 50 nigl gcntumycin 
und IO% fctul bovine serum (Gibso BRL. Burlington, Canada) at 
37OC in II humidilicd otmosphcrc of 90% air and 10% C02, 
~e~pLIpMldcIIcr &fr xb; S,P. !%H& krvicc of !%&rinahp~ and 
Dcpn:tnp-.lt of Phyriology and Biophysics, Friculty of Mcdlcinc. Unia 
vcnily oTShcrbrookc, Shcrbrookc, Qud., JlMSN4. Cuntldtl. Fux: (I) 
(8 19) 564.53?0. 
Non~diffcrcntiatcd NG 108~15 cells wcrc harvcslcd in PBSIEDTA. 
lrnd piusm;l nrcmbrunc purticulaic wus prcparcd as dcjcribcd prcvi- 
oualy [I]. 20 ~6 or purriculrttc was incuhalcd in 200 yl buncr (SO mM 
Tris, pH 7,4. I25 mM N&I. 6.5 mM MsCI:, I mM EDTA.0.2% BSA. 
I mM bcnzamidinc, 0.01% bucitmcin and untiptlin. phorghoramidon. 
pepstalin A. bcstatin and nmnslalin all al I y@‘ml) for 90 min ill 25’C 
in ihc prcscncc of f~~‘l]Sar’flc’ All (0.25 nzM) as II trwr and with the 
diffcrcnt competitors. Bound ligand was spamtcd by fillration 
through gl;lss.fibcr tiltcrs. Nonqccific binding dclennincd in the 
prcscncc of I yM All (<IO% of total binding) was rubtmctd l*rom 
total binding. Dcgrndation or [‘2’1]Sar’llc’ AII ns mcasurcd by thin- 
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lnycr chromuto@phy was less tlw 5% Dntn arc lhc mciln of lhrcc 
cxpcrimentr tuudyzcd with the RUDA-l&AND prapnr (41). 
For patch&mp rccordinys. lhc ccllr wcrc ulred bctwccn 24 rnd 12 
;I nftcr rubculturc. All cxprimontr wcrc candurud nt room tcmpcm- 
lure (??‘CJ. A halloual piccc of plcniglun forming u 350 ~1 nricr@- 
curve atbovc the cells WY held in position in the Petri dish with II thin 
tllm of silicone gel. The cells wcrc then continuously rupsrfuscd al 300 
AUmin with an cxtnccllulnr salution containing (in mM): lo0 NuCI, 
IO CsCI:, I M&I:. 5 &Cl, 35 TEA, 5 MEPm and 0,s )rM tctro- 
&toxin (I%). pH 7.35; the armolarity WJ ildjuncd ta bar) nrQun 
with glucose. Angietcnsin II u~urbpr and drugs were cnch diwolvcd 
in the cx~rr~ccllulur roluricn for superfusion. II look uboul 10 x for lhc 
subrianccr to reach rhc ccllr. Sylli;lrdeoatcd Pyrex t&ss rlcctr& 
(rcsirtencc bctwccn 2 and 6 MR) wcrc filled with the following intro. 
cellular solution (in mM): 20 NaCI, I20 CKI. I CKI:. I I EGTA. 2 
M&Cl:, 5 MEPES. 3 ATP. 0.2 GTP. pll 7.35: the osnrulnrity W;II 
rdjuucd to 305 m0snr. All solutions wcrc parsed through 0.2 ~111 
%:;,b Xorc use. The intrxcllulnr solution WIS kept nn ice. Ionic 
current recordings wcrc obtained using the wt~olc~ccll onliguntion 
of the putch-clsmpmcihed [30]sndcmployingan Axepatch IBumpli. 
Ucr (Anon Instrumentr) piloted by pCltlmp reftwnrc (Axon Instrum 
mcntr) on un IBM- PC computer. The junction potrntinl. ;LI well ;LJ 
the capacitive tranricnt. wcrc compensated for. After mcmbrunc dir. 
ruption. the Nrics raistuncc tmd the ctipucity tizrc compcnr;ltcd for, 
kuk rubtnction was pcrformcd with the PIN protocol. Currcnlr wcrc 
lorv.pou flltcrd at I kHr. sampled PI 4 kHx. stored on floppy disks 
und analyzed with the pCl;lmp software. 
2.4 Stettt[r-artrr Ittttrtiwtiwt cttrws 
Starting from 1 -10 mV holding potcntinl. I 600 ms conditioning 
vol~;lgr s~cp was applied nt various levels trnd immcdintcly followed 
by Y 200 ms test potcntinl II -30 mV. The currents wcrc nornwlizcd 
a 
with rcrpccl to the current of nruxim;d rtmplitudc (holding potcntiul 
q -80 mV). 14 and k wcrc calculmcl with the IIaltxmnnn qualion: 
whcrc b; represents the potcntiul of httlf.innrtivation und b; the slops 
factor. Rcrul~r urc ull expressed II mean 2 5.E.M. 
3. RESULTS AND DISCUSSION 
Non.difkrcntinl NGl08-15 cells cxprsss the complctc 
scnin-ungiotcnsin system [28]. and prcliminury studies 
indict,ttc thnt these cells express only one class of AI1 
receptors which urc not coupled to phosphutidyl inosi- 
tide hydrolysis [29]. As shown in Fig. IA. competition 
binding cxpcrimcnts pcrformcd on plnsmrl mcmbrunc 
psrticulatc prcpurcd from there cells reveal monophtlsic 
competition curves for AIL the AT+lcctive liyilnds;, 
CGP 42112 nnd DD 123177. us well as for the AT,- 
selective rrntugonist. DuP 753. indicating the prcscncc 
of tl single subtype of AI1 receptors. The order of uffin~ 
itics, CGP 42112 2 Stlr’IlcX AI1 > AI1 > PD 123177 
xe DuP 753. shows that thcsc rcccptors arc of the AT, 
subtype [1.3,4]. WC htlvc also observed that AII does 
not stimulate phosphutidyl inositidc hydrolysis in our 
non.diffcrcntiutcd NG108-15 cells (data not shown). 
B 
Fig 1. (A) Pharmncoiogy ol’thc Aii receptors in non.diii&ntintcd NGi~.ij &lT% i&iip&iia it’ i”‘ijb%’ AK bhding tith %r’!fc’ A!! 
(01, All (m) or AT, [DUP 753 (a) or AT, [CGP 42112 (e) uncl PD 123177 (o)]&zctivc rcccptor ligmdr. (i3) Noediffcrcntiutcd NGlOtt-15 cells 
exhibit muinly T-typn culcium current, The plot of the palk current vs. test potcntiul corrcrponding to the pan& (C) ond (D) displays only u 
low-thrcrhold (and fust.innctivatcd) culcium current. (C and D) Currents rccordcd for test potcnIi;lls l?om -IS toI -3 mV und from -20 to 40 
mV. rcspcctivcly (holding potcntiul, -80 mV). 
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Putch-clamp studies. recording in the who&cl1 con= 
figuration [30], have been performed to study the cffcst 
of All on calcium currents in nondiffcrcntiatcd 
NGlO8-15 cells. Most of thcrc cells exhibit one type of 
calcium current [31,32]. nurncly, one that is activated ot 
low threshold and rapidly ina&vatcd again. Fig. 1B 
shows its characteristic urrent-voltage rclntion The 
ca!c,iun current is tictivatcd bctwccn -60 and -SS mY. 
rcrtchcs umuximul umplitudc bctwccn -30 and -20 mV 
and intlctivatcs within 70 ms for test potentials higher 
thun -40 mV (Fig. 1C and 1D; n= 2s). Ni” (100~M) 
strongly dccrcascs this current by 63.8 2 5.9% at -25 
mV (n= 8) in u rcvcrsiblc manner (Fig. 2). Phcnytoin (30 
PM), u more specific blocbcr of the low-thrcshold-acti- 
vatcd calcium current in diffcrcntiatcd NiE-115 cells 
[33], also dccrcasti thr sumc current in our non-diffcr- 
cnriatcd NG 108-l 5 cells (Fig. 2). by 25.2 i 3.1% at -25 
mV (II= 8), with complctcly recovery after wush=out. 
Bused on its activation threshold, kinetics and scnsitiv- 
ity to Ni” [34] and to phcnytoin [33], this culcium cur- 
rent is thus identified us a T-type calcium current 
[34,35]. 
-- 
20 
Time (min.) 
Fiy. 2. All d tlrc sclcctivc T-type cdrium current inhibiloru. 
pl~cnyrci:~ end Ni:‘. dcrrcrse lhce~lcium currcnl in non~diflcrcnti;~tcd 
NGIOtr-IS cells. (A) Con~ral und currcnls under A11 (100 nM) or 
nrodilicd by phcnytoin (30/N) or NiCI: (IC’)fiM), Holdin potential. 
-80 mV: test potcntiul. -25 mV. The horixantul bar rcprcscnts 100 1’11s 
and the ucrliurl bnr NO PA. (U) Pcuk wlcium current rccortlcd at -15 
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Fig, 3. Time-courrc and voltilgc cff’cc~r of AH und the AT+&ctivc agonist. CGPJZI 12, on the T-typ-ccalciunl current. (A and D) All (IM) IIM) 
nnd CGP 42112 (100 nM) signiliaHivcly moduhttc T-type cnlcium current itbout _ 3 min irftcr uddilion. with maxlmnl clWt kctwefn 5 and t0 min: 
(InseW control and pcptidc-modikd currents; the horirontnl bar rcprcscntr I@0 ms and the vcrtitil bir 500 pA. The currcnls wcrc rccordcd ~1 
-25 mY [A] atid -XI miJ (2 (hsidht~ p~~~iat, =%k mt’;. (Pr) AI! (!CD aM) &rc?su 112 T-typ cllfivm currrnt far test potcntinlr hi+hcr than 
-40 mV, For the lowest potentials (c-40 mV), ;I shift in the I-V CUIW ir obrcrvcd: the potential for hali+nqlitudc current (I’,J shifts from 
-375 !: 0.8 mV (II = 23: 0) lo a-42.3 k I .O mV (a E 7) ul’tcr the uddilion of All (u). (C) AH does not signifkntivcly modify steady-state innctivnlion 
curves: Vh= -48.4 +, 0.8 mV and k = 5.1 + 0.2 mV (II q IO) in control condhions (m); V, = -50.9 & 0.8 mV and k = 5.8 ? 0.5 mV (II e 5) IO min 
after ad&ion of All (0). 
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3.3. Ang’lorcrrsin II uncl CGP 42112 ~mclttlttrc T-ryppc cd- 
eiurrt ~twwtt~ tlmugh AT: rrctyrors 
As shown in Fig. 3A, WC find AI1 (100 nM) consis- 
tently inhibits (21.5 + 2,4% tit -25 mY: II= 2 1) this cur- 
rent. The effect is noticeable approximutcly 2 min tlftcr 
applisution of AI1 und prlrke bctwccn 5 end 10 min, The 
rccovcry uftcr wash-out (II= 517) dcmonstratcs that the 
dccrcnsc observed is not u spontuncous run=down (Fig. 
2), Current-voltugc urves (Fig. 3B) show that AlI rs- 
dusts the ‘I’-type current at mcmbrunc potentials higher 
than -40 mV (I;= 7). A shift in the 1-V relationship is 
obscrvcd nt lower potentials (-60 to -45 mV). however, 
AI1 does not significantly modify the steady-stutc ine 
tivution curves (Fig. 3C). The AI1 pcptidc antilog. CGP 
42112 (100 nM). producss exactly the sumc effects 9s 
AI1 (tt= IO; Fig. 3D). which indicates the AT: specificity 
of our obrcrvutions and that CGP 42112 bchnvcs as an 
agonist. Moreover when the AT, untugonist. DuP 753 
(1 PM). is added to the cxtrnccllular medium, AH (10 
nM) dccrcuscs the T=typc calcium current by 
21.5 + 4.3% i\t -25 mV (!I= 6; datn not shown). which 
confirms the ATI specificity of AH’s cffcrts. 
Our dntn proiidc the first evidence of u mcmbrtinc 
coaduccnncc modulution by AIE through the AT, rcccp- 
tar. and clearly show that CCiP42 I I1 is un AT2 receptor 
agonist. The transduction mechanism involved bctwccn 
chc AT: receptor and the T-type ctilcium channels is 
now under investigation. It has been well cstlrblishcd 
thut u Tmtypc &ium current supports pirccmaker uctiv- 
itics in neurons [34,36,37]. Looking at the pattern of 
AT? distribution in the brain [&lo] it is noteworthy thut 
structures like the thalamus. the inferior olivary and the 
locus cocrulcus express high levels of AT: receptors and 
huve paccmtrkcr activities resting on u low thrcshold- 
activated calcium conductunsc [38-N]. In tltc light of 
thcsc observations. it is tempting to speculate that AI1 
could act as a frequency modulator of membrane potcn- 
tkrl oscillations through AT? receptors. 
nrlr~~u~r,l~f~~er,tr~/~~ WC Itrunk Drr. M. Emcrit and M. Hamon (iN. 
SERM. U. 238. Rris) for providing us with NGl08~15 cells, Dr. W. 
Scul’crI for improving the English of this munurcript and CtBA- 
GEIGY Cuntidu for providing funds. 
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